with the maturation of rod-and cone-cell photosensitivity [7] .
Results

Development of Intrinsic Photosensitivity in the Ganglion-Cell Layer
To assess retinal photosensitivity, we employed a fluorescent imaging technique [15] . Retinae (with ganglioncell side up) loaded with the Ca 2+ -sensitive indicator FURA-2AM were exposed to 470 nm (2. 1C ; Movies S1 and S2 in the Supplemental Data available with this article online) and melanopsin knockout (Opn4 −/− ; Figure 1C ) mouse strains. At birth (P0-1), the interwave interval in wild-type retinae was 203 ± 17 s (4 retinae), and in Opn4 −/− mice it was 169 ± 19 s (6 retinae; p > 0.05 cf. wild-type). An age-dependent increase in the interwave interval for both strains was observed (wild-type P4-5: 307 ± 27 s, 4 retinae; p < 0.05 cf. P0-1. Opn4 −/− P2-4: 253 ± 17 s, 3 retinae; p < 0.05 cf. P0-1). To examine inner-retinal light responsiveness independently of the spontaneous activity, we applied 1 min light stimuli during the interwave interval.
Wild-Type Mice
We have previously shown that in the adult rodlessconeless (rdrd/cl) mouse retina, 2.7 ± 0.3% of the neurons in the ganglion-cell layer show an increase in intracellular Ca 2+ on exposure to 470 nm light [15] . We undertook an investigation of the developmental emergence of this response. We first studied light responsiveness of the retina at P4-5 because the SCN has been reported to receive light input at P4 [28] . Robust light-evoked increases in fluorescence were observed in a significant proportion of the neurons in the ganglion-cell layer. The majority of the light responses were of a "sustained" phenotype, where the fluorescence change remained elevated at the end of the light-stimulation period. "Transient" response phenotypes were also observed, characterized by a single fluorescence transient and rapid decay before the end of the stimulus. Overall, light responses were detected in 5.4 ± 1.4% of the total cells sampled in the ganglion-cell layer (8 retinae; 86 of 1513 cells; 77% sustained, 23% transient; data not shown).
To preclude any input to the ganglion-cell layer from early-functioning rod or cone cells [32, 33], we investi- light responses were intrinsic to the cells themselves. Even though the glutamate-receptor analogs did not induring, and after the application of 10 M carbenoxolone, a gap-junction blocker ( Figure 3A 4A and 4B ). However, longer-duration pulses elicited light re-P0-1 and P4-5 cells, the integrated fluorescence increased with light intensity. However, the P0-1 intensponses at lower levels of illumination. In Figure 5 , the change in fluorescence is shown for a single cell from sity-response relation was shifted to higher intensities relative to the P4-5 relation, revealing a lower light sena P4 retina after successive applications of increasing intensities of 1 min stimuli. The threshold intensity for sitivity at birth (P0-1 cf. P4-5: p < 0.05 at 4.7 × 10 13 -2.9 × 10 15 photons/s/cm 2 ). this cell was at 1 × 10 13 photons/s/cm 2 . A prolonged light stimulus at a lower intensity was able to elicit a The peak response amplitude also increased with light intensity, saturating at w4.4 × 10 14 photons/s/cm 2 response, albeit with a much longer response latency. This response is unlikely to represent spontaneous ac-(data not shown). We found no significant differences between the amplitude data from P0-1 and P4-5 cells. tivity because the recording was made in the presence of synaptic blockers, the kinetics of the initial response Because the light-sensitive cells were capable of generating larger increases in fluorescence, as observed are slower than observed during Ca 2+ -wave activity, and the Ca 2+ level remained elevated during stimuladuring Ca 2+ -wave activity, the peak amplitude attained was not limited by saturation of the fluorescent indition. Thus, ipRGCs can integrate light information over relatively long time periods. cator.
Kinetics of the Light-Response Onset
The time taken to reach 50% of the peak amplitude Figures 6C and 6D ). This 
The ipRGC light responses persisted in the presence from any early-functioning rod or cone cells [32, 33]. Intrinsic light responses of ganglion-cell-layer neurons of a glutamate-receptor blockade, suggesting that photosensitivity was intrinsic to the ganglion-cell-layer were absent in neonatal melanopsin knockout mice, confirming that melanopsin expression is a prerequisite neurons and not mediated via glutamatergic inputs
